Introduction
The clinical syndromes which are now associated with respiratory syncytial (R.S.) virus infection have been defined over the last decade in many studies of children admitted to hospital with acute respiratory infections (Beem et al., 1960; Chanock et al., 1961; McClelland et al., 1961; Holzel et al., 1963 Holzel et al., , 1965 Gardner, 1968) . These have recently been enlarged by a description of the illnesses produced by this virus in newborn infants in a maternity hospital (Neligan et al., 1970) and in families (Hurrell et al., 1971) . The largest epidemic of R.S. virus so far recorded in Newcastle occurred in the first two months of 1971, and this provided an opportunity to study the contribution of this virus to cross-infection in children's wards.
The questions which we wanted to answer were these: (Sturdy et al., 1969; McQuillin et al., 1970; Gardner et al., 1971) . These same methods were applied to children who developed either upper or lower respiratory tract symptoms after admission to hospital. When evidence of crossinfection occurred in one of the wards cough swabs were taken from all asymptomatic contacts. It was impractical to obtain nasopharyngeal secretions from asymptomatic children because they have little secretion present. Cough swabs were obtained from five members of the medical and nursing staff who developed respiratory symptoms during the outbreak in the wards, and from two of them nasopharyngeal secretions were also obtained. During the week before their infection the resident looking after them developed a cold which lasted a week, and on the first day of her illness R.S. virus was isolated from secretions taken from her nasopharynx. Discussion R.S. virus is the most frequent cause of acute respiratory infection of childhood (Chanock et al., 1961; Holzel et al., 1963 Holzel et al., , 1965 Gardner, 1968) . It is not surprising, therefore, that in the present study it has been found to be the virus most often associated with respiratory infections developing in children already in hospital. R. S. virus was found in 13 (59%) of the 22 cases studied (Table I ). The incubation period of R.S. virus infection is not known with certainty and therefore two of these 13 cases may have been incubating infection when admitted.
Results

During
In experimentally infected adult volunteers the incubation period was found to be five days (Kravetz et al., 1961; Johnson et al., 1962) but it is uncertain whether these findings apply to naturally acquired infections in infants and children. In two separate studies of outbreaks of R.S. virus infection in special care newborn nurseries the youngest babies infected in each study were 10 days old (Breton et al., 1961; Neligan et al., 1970) . We can assume therefore that the incubation period is not more than 10 days, and in the present study from the interval between known R.S. virus-infected cases being admitted to the wards and the occurrence of infection in contacts (see Chart) a period of from five to eight days would seem reasonable. Nine of the 13 children (Cases 1-8 and 10, Table II ) developed symptoms two weeks or longer after admission to hospital. These children without doubt acquired their virus infection while in the wards. Two (Cases 9 and 12) who had been in hospital nine and six days respectively before developing respiratory symptoms almost certainly had infections acquired in hospital. Two children (Cases 11 and 13) had been in hospital for three and four days respectively when they first developed respiratory symptoms. They probably acquired their infections at home and were incubating the virus at the time of admission. Of the nine children who developed symptoms 14 days or more after admission, five (Cases 1 to 5) occurred in a single outbreak of R.S. virus infection in ward A, hospital 1. At the onset of this outbreak there were three children in the ward who had been admitted because of acute respiratory tract infection caused by R.S. virus. Two of them (C.D. and E.F.) were in cubicles where special precautions against cross-infection were taken. The remaining child (A.B.), being over 1 year of age, was in a bed and was moved to different parts of the ward several times during his illness. He is considered the most likely source of this outbreak. There were three other children in ward beds at that time and they all subsequently developed respiratory symptoms associated with R.S. virus infection. The time intervals between the admission of A.B. and the start of symptoms in these three children (Cases 1, 2, and 3) were 8, 8, and 10 days respectively. Cases 4 and 5 were in cubicles but despite this, they both developed bronchiolitis 11 and 17 days respectively after the admission of A.B. The immediate source of infection of these two cases is not clear since they had no direct contact with the ward cases.
The staff nurse, registrar, and student developed respiratory symptoms 11, 14, and 16 days respectively after the admission of A.B. They came into regular contact with all the ward patients and may have acquired the infection from any of the cases. These members of staff were more likely to be part of the outbreak than the cause of it, but three other members of the ward staff who were not virologically examined had similar coryzal symptoms several days before the development of R.S. virus infections in the patients in the cubicles. Members of staff may therefore have been the source of infection in Cases 4 and 5. Similarly, in hospital 2, two infants who acquired R.S. virus infection in adjacent cubicles (Cases 8 and 9) may have been infected by the houseman who had a cold which was associated with R.S. virus excretion in the week before their illness. Cases 6, 7, and 10 had been in hospital for 14 days or more when they developed their R.S. virus infections, but their illnesses were not associated with a ward outbreak. In each instance there was at least one other child in the ward with R.S. virus infection before the onset of their respiratory illnesses. Case 6, however, may have been infected by his mother who, with a severe cold, visited him during the week preceding his bronchiolitis. Case 12 had been in hospital for only six days. This infection may have been acquired in hospital or outside before admission. Cases 11 and 13 probably acquired their infections at home. For each of these cases, however, there were possible sources of infection in the wards at the time of their admission.
EPIDEMIOLOGY
The epidemiology of R.S. virus outbreaks is not only hindered by the lack of exact knowledge of the incubation period but also by ignorance of the length of time before the development of clinical symptoms during which infective virus is excreted. Case 5 shows that R.S. virus can be isolated as long as five days before the onset of bronchiolitis, and by immunofluorescence it could be seen that a considerable number of infected cells were present in the nasopharyngeal secretion at that time. It had been hoped to gain further information on this point by taking regular specimens from children who were admitted later on in the outbreak. Though this procedure was followed with six children, none developed respiratory symptoms and none excreted R.S. virus. In adult volunteers experimentally infected with R.S. virus it had been found that the virus can be isolated from the nasopharynx two days before respiratory symaptoms develop (Kravetz et al., 1961; Johnson et al., 1962) .
Previous work has shown that R.S. virus antigen is excreted for at least seven days after the onset of symptoms and that the virus can still be isolated at that time in about 25% of children (Gardner et al., 1971b) . Only four of the 13 patients were nursed in wards at the time of their infection with R.S. virus. The remaining nine were in cubicles, and eight of these were nursed with special precaution because of their age. Therefore it is clear that cubicle nursing and the anti-infective procedures associated with it do not protect the infant from cross-infection with R.S. virus. In the present series four children already ill with debilitating conditions were further endangered by a superimposed R.S. virus infection acquired in hospital leading to a severe bronchiolitis. This suggests that the high infectivity of R.S. virus should be taken more seriously and more stringent measures adopted to isolate infants and toddlers with severe illness from diagnosed cases than has hitherto been the custom. As four members of staff were infected with R.S. virus and had mild upper respiratory symptoms, this makes them a potential source of infection and shows how difficult effective prevention will be.
The difficulty in the control of outbreaks in wards is that complete immunity does not develop in adults, who may excrete R.S. virus for short periods of time with minimal symptoms. In this context the rapid diagnosis of R.S. virus infection by the fluorescent antibody technique may prove invaluable in excluding potential sources of infection. The age pattern of the illnesses is important. The five children over 1 year of age developed colds, and the five children aged 3 to 8 months developed bronchiolitis. In three studies of infants with R.S. virus infection in the first months of life bronchiolitis has not been described in the early weeks (Breton et al., 1961; Neligan et al., 1970; Berkovich and Taranko, 1964) . In two the virus produced only mild upper respiratory symptoms, in the third the clinical illnesses were either mild colds or pneumonia. In our studies in Newcastle over 10 years we have found that R.S. virus does not cause bronchiolitis in children under 5 weeks of age and this illness is uncommon under 8 weeks. The present study is in keeping with this experience, since two children aged 2 months or less developed colds similar to those in children over 1 year of age, whereas bronchiolitis occurred in all children infected at ages of 3 to 8 months.
Almost all children with bronchiolitis fall into the age range of from 2 to 12 months. The observation that all children in the wards within this age range who became infected with R.S. virus developed bronchiolitis is considered of great interest in relationship to the pathogenesis of this illness (Gardner et al., 1970a) .
This study has shown that cubicles, even when special precautions are taken to exclude infection, are not effective in preventing cross-infection with R.S. virus, and one reason is that adults with mild respiratory symptoms may be the vehicle by which R.S. virus is transmitted. Our previous investigations have shown that R.S. virus infections, particularly in infants with congenital heart diseases, can be fatal (Gardner et al., 1967) . This is a limited study, but it has shown that crossinfection with R.S. virus can lead to the development of serious illness in children under 1 year of age. It would seem sensible therefore that children of this age, especially those with congenital heart disease, should not be admitted to hospital when R.S. virus is epidemic unless there are strong reasons for doing so.
